• Ocular cystinosis is thought to have characteristic crystalline deposits at least as deep as the anterior stroma.
Introduction
Cystinosis is a rare, autosomal recessive mutation in the CTNS gene on chromosome 17p13 that can lead to intracellular accumulation of cystine crystals in the eyes, kidneys, bone marrow, liver, spleen, thyroid, pancreas, and muscles [1] . This can result in photophobia, hepatosplenomegaly, hypothyroidism, diabetes, and muscle weakness. There are three main types of cystinosis, one of which is ocular cystinosis, characterized by corneal and conjunctival crystal deposition and no renal involvement. Cystinosis typically presents as one of three clinical forms: infantile nephropathic (95%), juvenile (5%), and adult/ non-nephropathic. The adult cystinosis typically spares the kidney and other organs and is restricted to only ocular findings. The three forms of cystinosis can essentially be distinguished by age of onset and severity of renal disease. Here we present a case of ocular cystinosis diagnosed by slit-lamp biomicroscopy, anterior segment optical coherence tomography (AS-OCT), and transmission electron microscopy (TEM), which demonstrated pathognomonic intracellular crystalline deposits in the corneal epithelium.
The rate of corneal crystal accumulation is correlated to the severity of the CTNS mutation [2] . Therefore, a patient's Corneal Cystine Crystal Score (calculated from 0-3 based on opacity, density of crystals, and number of crystals) is reflective of the severity of their disease.
AS-OCT images were obtained using an Avanti (Optovue, Inc.) Widefield Enface Spectral-Domain OCT with 70,000 A-Scan/s, axial resolution 5 µm, and transverse resolution 15 µm.
Case Report
A 67-year-old male presented to his ophthalmologist with 6 months of ache behind the left eye. The patient denied any recent changes in vision, photophobia, flashes, floaters, or trauma. He had no history of eye surgery or trauma.
The patient had a corrected visual acuity of 20/25 in the right eye and 20/40 in the left. Intraocular pressures were 16 and 14 mm Hg in the right and left eye, respectively. Both pupils were equal and reactive without a relative afferent pupillary defect, and extraocular movements were full.
On slit-lamp exam, the left cornea had subepithelial crystalline deposits that extended from the 9: 30 position on the limbus to the central cornea in a band about 1.5 mm wide. They did not penetrate Bowman's layer. There was no associated corneal thinning or edema. The anterior chamber was deep and quiet bilaterally. There were bilateral 2+ nuclear sclerotic cataracts and posterior vitreous detachments, and a normal fundus exam with no evidence of retinopathy or retinal crystalline deposits. AS-OCT showed an epithelial hyperreflectivity of uniform density with a thickness of 62 µm, spanning about 4.82 mm and tapering near the periphery of the lesion with very sharp margins (Fig. 1) .
TEM analysis of a corneal biopsy specimen confirmed the diagnosis of ocular cystinosis by demonstrating epithelial cells with intracytoplasmic crystalline deposits. These deposits stained negatively with PAS (glycoproteins/mucin), von Kossa (calcium), and trichrome Masson's (hyaline deposits) (Fig. 2) .
Discussion
To our knowledge, this is the first reported case of ocular cystinosis involving strictly the epithelial layer of the cornea that has been imaged by AS-OCT. Previous reports of cystinosis using OCT have been described, with similar hyperreflective deposits observed predominantly within the anterior stroma [3] . However, our findings showed a crystalline deposit depth of only 62 μm, which contrasted with the results of Labbe et al. [3] reporting a mean depth of 291.40 ± 81.42 µm. Ocular cystinosis can manifest as crystals in any layer of the cornea, with a study showing that the highest density of crystals was found in anterior stroma, followed by Bowman's layer and the middle stroma [3] . It is unclear why the disease in this case report was unilateral and well demarcated, as there are no other reports of unilateral or well-demarcated ocular cystinosis to our knowledge in the literature. Potentially the crystal concentration and location will develop over time. Also, there could have been a reactive inflammatory process that took place that unmasked the cystinosis in the damaged cells.
The TEM results from our case report were comparable to those of Wong et al. [4] and Stefani and Vogel [5] , where they described intracellular cystine crystals within conjunctival fibroblasts and macrophages.
In addition to OCT and TEM, other studies also used confocal microscopy, describing cystinosis crystals as spindle-or needle-shaped bodies measuring from 1 to 175 µm in length and 1 to 30 µm in thickness [3] . However, the patients in these studies had nephropathic cystinosis, not the milder ocular cystinosis presented in our case report. In a case report by Kocabora et al. [6] , these crystals were described as variable in size and shape, being square, oblong, or rhomboid at 0.5-2 μm in length. This is comparable to the pathology specimen from our case report, which showed oblong crystals of varying size on TEM.
The symptoms and exam findings of cystinosis are quite unique; however, it is helpful to rule out crystalline keratopathy due to multiple myeloma, other immunoglobulin abnormalities, or medication-induced corneal deposits [7] . Confocal microscopy, TEM, and OCT can all be used to aid in differentiating crystalline keratopathies, such as Bietti's, Schnyder's, or infectious crystalline corneal dystrophy [7] . Bietti's corneal dystrophy has superficial punctiform corneal crystals, whereas ocular cystinosis has needle-shaped corneal crystals. Additionally, nearly all patients with Bietti's develop retinal involvement with visual loss [8] . Schnyder's corneal dystrophy typically presents with glare from the corneal haze, while ocular cystinosis typically presents with photophobia. Additionally, ocular cystinosis typically has crystals in the anterior peripheral corneal stroma, whereas Schnyder's usually presents as central panstromal haze with arcus lipoides [8] . Infectious crystalline corneal dystrophy is an acquired disease that occurs typically after a corneal transplant, whereas ocular cystinosis is an autosomal dominant inherited disease [8] . This was a case of classic ocular cystinosis with no renal findings, and it can be differenti- ated from other similar corneal dystrophies based on the needle-shaped crystals, location of the crystals, and history of photophobia. Our TEM results were consistent with ocular cystinosis. Unfortunately, our patient did not have medical insurance and did not want to pay out of pocket for any extra tests. According to him, prior to losing his insurance, he had normal kidney function, though. Our inability to perform a systemic workup is a weakness of this case report.
In conclusion, the use of AS-OCT to describe the pathology of ocular cystinosis is critical to further our understanding of this disease.
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